INTRODUCTION
Surgery is a fundamental part of basic health care services (1) . Access to surgery is an important component of good functioning of health system for all countries at different levels development (2) . Increasing access to surgical services will play a central role to improve public health. However, most of the world's population does not access to surgical care and this represents a crisis for low and middle income countries (3) .
In surgery, a significant portion of the total costs are associated with consumable supplies (4) .
Medical imaging technologies which are including computer tomography (CT), magnetic resonance (MR), Positron Emission Tomography (PET), Linear Accelerator (LINAC) and the robotic platform provides significant health and cost benefits to improve health for all (5, 6).
Robotic surgery is one of the other surgical systems have been used rapidly in general surgery.
It has been reported that high cost health care expenditures that are usually associated with open heart surgery, certain cancers, critically ill infants and major trauma resulting from automobile accident (7). Surgery access a tremendous volume worldwide. This increasing worldwide growth shows a great need for public-health efforts to improve the monitoring, safety, and availability of surgical services, especially in view of their high risk and expense (2) . From the other point of view, lack of appropriate training and poor coordination of service delivery are major problems of surgery. A public-health strategy for surgical care is essential and understanding the relationships between surgery and public health is necessary to improve public health outcomes. Literature suggest that, high density of surgeons is associated with significant reductions in deaths (8). Unfortunately, population analysis points out a future critical shortage of general surgeons (9, 10). To fight against surgeon shortage, developed countries encouraging surgeon volunteerism (10). In these circumstances, the lack of data on the recommended measures to evaluate national surgical services is a disturbing reality worldwide. As many as 70% of countries have no information on the number of surgeries performed, and virtually none of them attempts to assess the distribution of surgical resources or results. This deficit, however, is not limited to countries with poor and low total expenditure on health per capita. Some countries of medium total expenditure on health per capita, such as Peru, also lack this information (11).
On the other hand, the global volume of major surgery increased substantially in recent years and health system differences have a large impact on rates of surgery (12). Expenditures for access to better health care consists big part of catastrophic health expenditure. Because Using data on geographic variations in care and expenditure may help policy makers to develop strategies for reducing surgical rates and the level of expenditures for surgical care.
Furthermore, these strategies will ensure greater benefits in preventing adverse events while improving technical quality of surgical care (14) . To date despite global health authorities emphasize cross country differences according to surgical care, there has been no published study on grouping of countries according to the surgical care indicators and predictors of catastrophic expenditure for surgical care. To fill this void in the literature, this study aims grouping of countries according to the surgical care indicators and to find out predictors of the risk of catastrophic expenditure for surgical care.
METHODS

Dataset
In this study data came from World Health Organization (WHO) (15, 16), World Bank (WB) (17) . Totally 177 WHO countries were selected for this study. Table 1 presents detailed explanation about variable groups, data sources and explanations of study variables.
Analysis Method
In this study as the data came from several sources, they differed in their measurement units.
Before performing cluster analysis, Z transformation was performed in order to bring the coefficients zero-one range (18) . K-means clustering was performed to classify countries according to surgical care indicators. This is one of the most popular clustering algorithms that minimizes the clustering error (19) . This algorithm aims to seperate "n" observations into "k" clusters in which each observation belongs to the cluster within the nearest mean (20) . K-means algorithm calculates its centers iteratively (21) . In this study before performing cluster analysis, optimal number of clusters determined by using within cluster sums of squares and presented on a scree plot. After that, Silhouette clustering performance index is used to determine the optimal number of clusters which works well with k-means clustering (22) . High Silhouette value (near to 1) is considered well clustered, objects with a low value may be outliers. To determine predictors of catastrophic expenditure for surgical care decision tree approach was used. For this aim continuous catastrophic expenditure risk for surgical care (% of people at risk) dichotomized using median values as cut off points. Nextly, Random Forest algorithm was used for generating the decision tree. Random Forest developed offers an alternative approach for increasing predictive accuracy (23) . It uses Classification and Regression Tree (CART) to generate trees (24) . CART is a nonparametric model to choose the most important subset variables that determine the outcome. It uses binary recursive partitioning to split data instances into homogenous subsets using Gini index measure (25) . Random Forest performs classification, but if the response is continous the Random Forest performs regression (24) .
RESULTS
Descriptive Statistics
Summary statistics are reported in 
Binary Coding of Catastrophic Expenditure for Surgical Care
One of the aims of this study is to find predictors of the risk of catastrophic expenditure for surgical care using decision tree approach. For this aim catastrophic expenditure risk for surgical care (% of people at risk) dichotomized using median values as cut off points, they recoded as 0 and 1. It is seen that after recoding, the number of observations for both of two binary variable groups are balanced (1: %49.7; 0: %50.3), which is essential to improve the performance of decision trees. Table 3 shows cut-off points and binary coding for the variable of catastrophic expenditure for surgical care. 
Predictors of the Risk of Catastrophic Expenditure for Surgical Care
DISCUSSION
Global volume of surgery increased in recent years. However, the level of development is differed among rich and poor countries. High level of development increased the need for public attention to control costs and to improve the level of surgical services (2) . Literature suggest that global medical imaging market grows subtantially parallel with the improvement of surgical market (26) . The results of this study show that high and low-middle income countries are in different clusters according to the indicators of surgical care. These results broadly in line with the literature and suggest that surgical care has been neglected as an integral part of health system development worldwide and considerable differences still exists beween countries.
Differences between countries emphasize the need for encouraging North American and European aid programs which could play constructive role in helping less developed countries to improve the level of their health care services (27) .
From the other perspective, the cost of medical care increasing globally and households face with catastrophic expenditure in health care. Catastrophic payments are common in middle income countries, most of them are in health transformation process (13). Medical imaging technologies are important part of medical technologies. These can improve patient care because the system can assist health care professionals to provide more personalized and effective medical care (28) . Moreover, medical imaging tchnologies are essential parts of surgical care process. Medical imaging is an effective solution to solve ongoing problems in health care. The potential benefits of medical technologies for developing countries are numerous. However, developing countries face with several resource limitations and they are trying to develop modern health care services while using current medical technologies (27) .
Health policy makers need to understand the reasons of the differences between countries according to the surgical care and try to understand whether any country characteristics make people more vulnerable to catastrophic payments. The results of this study highlight that the level of income is the distinguishing feature of the differences between countries according to the surgical care indicators. Furthermore, surgeon density, total density of medical imaging technologies which are LINAC and CT are other predictors of the risk of catastrophic expenditure for surgical care. It has been state that the shortage of qualified health personnel is one of the major treats of health systems worldwide. Studies about future predictions of number of surgeons emphasize that surgeon shortage will continue in the next future (10). On the other hand, LINAC and CT are different kinds of medical imaging technologies which are popular in the diagnosis of surgical care and are found as predictors of the risk of catastrophic expenditure for surgical care in this study. LINAC and CT will continue to be important in the next future in the light of surgical innovation in health (29) .
As a result of this study it is suggested that health policy makers need to focus on the reasons of the differences between countries according to the surgical care indicators. Improving global collaboration between countries according to the indicators of surgical care is a key factor of success (30, 31) . Furthermore, current focus in health care shift from reducing costs to improve quality in health care. These initiatives lead to a reduction of hospital costs and surgical care.
Ensuring access to medical technology, improving public funding and reimbursement systems are other alternative strategies to improve the quality of surgical care in all countries which have different levels of development (5). Overutilization of surgical services is one of the other problems of the health system in general. Resource allocation and social media campaigns will be helpfull to create better and transparent global health systems (30) . Lastly, despite current studies indicate the scarcity of number of surgeons, encouragement of surgeons during general surgery training are essential to improve the level surgical care worldwide.
CONCLUSION
To conclude, our study results broadly in line with the literature and emphasize that the level of income is a determinator of the difference between countries according to the surgical care indicators. What is more our study results call attention to the need for effective planning of human workforce in surgery and medical imaging technologies. We hope that the results of this study will help policy makers in fostering an enviroment which allows to access current, qualified surgical care. 
